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DETAILED ACTION 

Response to Arguments 

1 . Applicant's arguments filed September 7, 2005 have been fully considered but 
they are not persuasive. The applicant argues that the Ngo reference (USPN 6,818,557 
B1) does not meet the subject matter of independent claims 1 and 5. The limitation 
"reacting said treated surface of said copper or copper alloy with trimethylsilane or 
tertramethylsilane under plasma enhanced chemical vapor deposition (PECVD) 
conditions" is in both claims 1 and 5. The applicant argues that Ngo discloses the TMS 
flow regulating method before the PECVD silicon carbide deposition. The applicant also 
cites paragraph 21 of the currently filed specification to state that the pre-treatment 
process maybe performed by supplying trimethylsilane or tertramethylsilane gas while 
simultaneously initiating the plasma. However paragraph 21 also states that the 
trimethylsilane or tertramethylsilane gas maybe supplied first and then the plasma is 
initiated. In both cases the treated surface of the copper or copper alloy is reacted with 
trimethylsilane or tertramethylsilane gas under PECVD conditions. In the Ngo 
reference, the TMS is reacted with the copper or copper alloy under PECVD conditions 
(column 6, lines 11-19). Therefore the rejection made in the previous Office action 
stands. 

2. The objection made to the title in the previous Office action is hereby withdrawn 
in light of the newly amended title. 



Application/Control Number: 1 0/71 1 ,01 5 Page 3 

Art Unit: 2826 

3. The objection made to claims 1 and 5 in the previous Office action is hereby 
withdrawn in light of newly amended claims 1 and 5. 

Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1 ) an application for patent, published under section 1 22(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

5. Claims 1 , 2, and 3 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Ngo etal. (USPN 6,818,557 B1). 

6. In reference to claim 1 , Ngo et al. (USPN 6,818,557 B1 , hereinafter referred to as 
the "Ngo" reference discloses a similar fabrication process. Figures 1-4 of Ngo illustrate 
a copper damascene process where a dielectric layer (10) is formed over a substrate 
(not shown). A damascene opening is etched into the dielectric layer (10). The 
damascene opening is filled with copper (13A) or copper alloy (column 4, lines 59-65). 
The surface of the copper or copper alloy (1 3A) is treated with a hydrogen containing 
plasma (column 5, lines 49-62). The treated surface of the copper or copper alloy (1 3A) 
is reacted with trimethylsilane under plasma enhanced chemical vapor deposition 
(PECVD) conditions (column 6, lines 2-19). A silicon carbide capping layer (40) is in- 
situ deposited by PECVD (column 6, lines 2-19). 
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7. With regard to claim 2, figure 1 shows that the damascene opening is lined with a 
diffusion barrier layer (12). Ngo discloses forming a seed layer on the diffusion barrier 
layer (12) and forming a copper or copper alloy (13a) on the seed layer (column 6, lines 
58-60). 

8. In reference to claim 3, Ngo makes it clear that the damascene opening may 
comprise a contact or via hole in communication with a trench opening (column 7, lines 
58-61). 

Claim Rejections - 35 USC § 103 

9. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

10. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ngo et al. 
(USPN 6,818,557 B1). 

1 1 . With regard to claim 4, Ngo discloses that the treated surface of the copper or 
copper alloy (13A) takes place at a process temperature of 335°C at a possible reaction 
duration of 30 seconds (column 6, lines 2-1 9). The copper or copper alloys (1 3a) is 
reacted with trimethylsilane with a gas flow in the range of 32 to 160 seem (column 2, 
lines 2-19) which overlaps the range, "100 to 5000 seem" as claimed by the applicant. 
The examiner would like to note: 
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In the case where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima 
facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re 
Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990). See MPEP 2144.05. 

Thus claim 4 does not distinguish over the prior art reference of Ngo. 

12. Claims 5, 6, 7, and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Ngo et al. (USPN 6,818,557 B1 ) in view of Xia et al. (United States Patent 
Application Publication No. US 2003/0068881 A1). 

1 3. In reference to claim 5, Ngo (USPN 6,81 8,557 B1 ) discloses a similar fabrication 
process. Figures 1-4 of Ngo illustrate a copper damascene process where a dielectric 
layer (10) is formed over a substrate (not shown). A damascene opening is etched into 
the dielectric layer (10). The damascene opening is filled with copper (13A) or copper 
alloy (column 4, lines 59-65). The surface of the copper or copper alloy (1 3A) is treated 
with a hydrogen containing plasma (column 5, lines 49-62). The treated surface of the 
copper or copper alloy (13A) is reacted with trimethylsilane under plasma enhanced 
chemical vapor deposition (PECVD) conditions (column 6, lines 2-19). A silicon carbide 
capping layer (40) is in-situ deposited by PECVD (column 6, lines 2-19). Ngo does not 
disclose treating the silicon carbide capping layer with an ammonia plasma in order to 
remove oxygen from it. However such a plasma treatment is well known in the art. Xia 
et al. (United States Patent Application Publication No. US 2003/0068881 A1, 
hereinafter referred to as the "Xia" reference) discloses a silicon carbide layer which is 
treated with an in-situ ammonia plasma in order to remove contaminants from its 
surface (p. 4, paragraph 50). Ngo discloses that a silicon carbide layer free of 
contaminants is desirable in the art since it leads to a more reliable interconnect 
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structure (column 8, lines 30-36). In view of Xia, it would therefore be obvious to treat 
the silicon carbide layer of Ngo with an ammonia plasma. 

14. With regard to claim 6, figure 1 shows that the damascene opening is lined with a 
diffusion barrier layer (12). Ngo discloses forming a seed layer on the diffusion barrier 
layer (12) and forming a copper or copper alloy (13a) on the seed layer (column 6, lines 
58-60). 

1 5. In reference to claim 7, Ngo makes it clear that the damascene opening may 
comprise a contact or via hole in communication with a trench opening (column 7, lines 
58-61). 

1 6. With regard to claim 8, Ngo discloses that the treated surface of the copper or 
copper alloy (13A) takes place at a process temperature of 335°C at a possible reaction 
duration of 30 seconds (column 6, lines 2-19). The copper or copper alloys (13a) is 
reacted with trimethylsilane with a gas flow in the range of 32 to 160 seem (column 2, 
lines 2-19) which overlaps the range, "100 to 5000 seem" as claimed by the applicant. 
The examiner would like to note: 

In the case where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima 
facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re 
Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990). See MPEP 2144.05. 

Thus claim 8 does not distinguish over the prior art references of Ngo and Xia. 

1 7. Claims 5, 6, 7, and 8 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over Ngo et al. (USPN 6,818,557 B1) in view of Yang et al. (USPN 6365,527 B1). 

1 8. In reference to claim 5, Ngo (USPN 6,81 8,557 B1 ) discloses a similar fabrication 
process. Figures 1-4 of Ngo illustrate a copper damascene process where a dielectric 
layer (10) is formed over a substrate (not shown). A damascene opening is etched into 
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the dielectric layer (10). The damascene opening is filled with copper (13A) or copper 
alloy (column 4, lines 59-65). The surface of the copper or copper alloy (1 3A) is treated 
with a hydrogen containing plasma (column 5, lines 49-62). The treated surface of the 
copper or copper alloy (13A) is reacted with tri methyl si lane under plasma enhanced 
chemical vapor deposition (PECVD) conditions (column 6, lines 2-19). A silicon carbide 
capping layer (40) is in-situ deposited by PECVD (column 6, lines 2-19). Ngo does not 
disclose treating the silicon carbide capping layer with an ammonia plasma in order to 
remove oxygen from it. However such a plasma treatment is well known in the art. 
Yang et al. (USPN 6365,527 B1, hereinafter referred to as the "Yang" reference) 
discloses a silicon carbide layer which is treated with an in-situ ammonia plasma in 
order to remove oxygen from the layer (column 2, lines 15-21). Yang further discloses 
that a silicon carbide layer free of oxygen is desirable in the art (column 1 , lines 59-61 ) 
since it leads to a better copper barrier (column 3, lines 41-45). In view of Yang, it 
would therefore be obvious to treat the silicon carbide layer of Ngo with an ammonia 
plasma. 

19. With regard to claim 6, figure 1 shows that the damascene opening is lined with a 
diffusion barrier layer (12). Ngo discloses forming a seed layer on the diffusion barrier 
layer (12) and forming a copper or copper alloy (13a) on the seed layer (column 6, lines 
58-60). 

20. In reference to claim 7, Ngo makes it clear that the damascene opening may 
comprise a contact or via hole in communication with a trench opening (column 7, lines 
58-61 ). 
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21 . With regard to claim 8, Ngo discloses that the treated surface of the copper or 
copper alloy (13A) takes place at a process temperature of 335°C at a possible reaction 
duration of 30 seconds (column 6, lines 2-1 9). The copper or copper alloys (1 3a) is 
reacted with trimethylsilane with a gas flow in the range of 32 to 160 seem (column 2, 
lines 2-19) which overlaps the range, "100 to 5000 seem" as claimed by the applicant. 
The examiner would like to note: 

In the case where the claimed ranges "overlap or lie inside ranges disclosed by the prior art" a prima 
facie case of obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re 
Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990). See MPEP 2144.05. 

Thus claim 8 does not distinguish over the prior art references of Ngo and Yang. 

Conclusion 

22. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Kevin Quinto whose telephone number is (571) 272- 
1920. The examiner can normally be reached on M-F 8AM-5PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nathan Flynn can be reached on (571) 272-1915. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



